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GEOHYDROLOGY AND GROUND-WATER POTENTIAL
OF LAKE COUNTY, INDIANA

By J. S. Rosenshein and J. D. Hunn
ABSTRACT

Lake County, in the extreme northwestern corner of Indiana, is underlain
by a sequence of about 4,500 feet of sedimentary rocks ranging in age from
Cambrian to Quatermary. Some ground water is produced from the rocks of each
age represented in the sequence. The principal sources of ground water occur
within the upper 350 to 400 feet of rocks. These rocks form a single but com-
plex hydrologic system consisting of three aquifers and two confining layers.
Recharge is derived from local precipitation. The system's potential yield is
estimated to be 200 mgd (million gallons per day) of which about 7.5 mgd is
currently being withdrawn.

The upper 100 feet of the dolomite of Silurian age forms the lowermost
aquifer of the system. Recharge to this aquifer through its principal con-
fining layer, unit 4-- clay till, is about 6 mgd under present hydrologic
conditions. . However, the estimated potential yield is 24 mgd. Natural dis-
charge takes place locally by upward movement, where the head in the Silurian
exceeds the head in the overlying rocks, and by downward movement into under-
lying rocks. Discharge by pumping is about 1.4 mgd, or about 18 percent of
the ground water pumped.

Unit 3, a sand, forms the principal Pleistocene aquifer. The aquifer is
partly artesian and partly water-table, Recharge to the artesian part is
about 100,000 gpd per square mile or 30 mgd under present hydrologic conditioms.
The estimated potential yield is 60 mgd. Recharge to the water-table part is
about 1.2 mgd per square mile and the estimated potential yield 100 mgd.
Development of the potential of the water-table part is complicated by the
continuing practice of ditching, which dewaters part of the aquifer, and by the
aquifer's susceptibility to contamination by industrial and septic wastes.

Natural discharge from the unit takes place by effluent seepage to streams
and ditches, evapotranspiration, and downward movement of water to the Silurian
aquifer. An estimated 9,248 million gallons was discharged by evapotranspira-
tion from the water-table part during the 1960 growing season. Pumpage from
the unit is about 4 mgd, or about 53 percent of the ground water pumped.

Unit 2, a clay till, is the confining layer for the principal Pleistocene
aquifer. The unit may have as much as 3 million acre-feet of water in storage.
Production from the unit is limited to intertill sand and gravel zones and is
estimated to be 100,000 gpd.



The hydrology of unit 2 is significant to both ground- and surface-water
resources of the county. Under present hydrologic conditions the unit dis-
charges an estimated 100 mgd of ground water to streams and ditches during
the nongrowing season. Evapotranspiration decreases this discharge, and
during the 1960 growing season an estimated 7,400 million gallons was dis-
charged by this process.

Unit 1, a sand, is chiefly a water-table aquifer. Under present hydro-
logic conditions recharge is probably less than 600,000 gpd per square mile.
The rate of recharge may have been decreased by more than 50 percent owing
to extensive alteration of the unit's hydrology by industrial and urban develog
ment. Natural discharge takes place by evapotranspiration and by effluent
seepage to streams, ditches, and Lake Michigan. Estimated pumpage from the
unit is 1.9 million gpd, or about 25 percent of the ground water pumped.

Under present hydrologic conditions the potential yield of the unit is about
30 to 40 million gpd. Development of this potential may be impeded by the
unit's susceptibility to contamination by industrial and septic wastes.

INTRODUCTION

Purpose and Scope

A ground-water investigation is currently in progress in northwestern
Indiana by the U. S. Geological Survey, in cooperation with the Division of
Water Resources, Indiana Department of Conservation. Its purpose is to define
the aquifers; their ground-water geology and hydrology and that of their asso-.
ciated beds; factors affecting and problems related to their development; and
to estimate their current and potential yields. This report presents an evalua-
tion of that part of the State underlying Lake County and provides information
to serve as a guide for sound development and responsible management of the
ground-water resources of the county. Standard methods of investigation were
used.

Lake County lies adjacent to the heavily industrialized and intensely
populated greater Chicago area (fig. 1). The county's industry and population
should increase sharply within the next few decades as a result of economic
growth of the greater Chicago area and the general economic development of the
Great Lakes region. The rural nonfarm population has shown a rapid increase
in the northwestern part of the county, particularly in the area adjacent to
Illinois. The continued growth of.the population southward from Lake Michigan
and the potential for industrial development in the northern half of the county
will increase greatly the demand for ground water. Interstate competition for
ground water available in those sources that underlie both the county and the
adjacent area in Illinois will be intensified in the future.

Previous Investigations

Detailed evaluation of the ground-water resources and geology of the county
has not been previously published. Publications referring to Lake County are
cited in various sectiomns of the report and listed in the selected references.

-2 -
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Well -Numbering System

Each well referred to in this report is assigned a number that indicates its
location according to the official rectangular public-land survey. A comprehen-
sive description of the well-number system is given in Rosenshein (1961, p. 4).
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CLTMATE AND GEOGRAPHY

Climatic setting:--Lake County has a climate characteristic of the northern
midcontinent region. The average annual precipitation is about 33 inches (fig. 2
and the average annual air temperature is about 52°F. at Whiting. Figure 3 shows
monthly precipitation and temperature at Whiting from 1910 through 1961.

Topography and drainage:~--The Valparaiso morainal system is the chief topo-
graphic feature of the county (pl. 3). It extends from west to east across the
central three-quarters of the county. A principal drainage divide follows the
crest of this morainal system and separates the St. Lawrence River basin from the
Mississippi River basin. The maps in this report show the configuration of the
principal streams and ditches. Courses of most streams have been straightened
since the 1900's. Points of highest elevation are in the morainal system. The
lowest elevation in the county is the shoreline of Lake Michigan. Maximum relief
is about 210 feet,
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GEOHYDROLOGY OF THE PRINCIPAL ROCK UNITS

Lake County is underlain by a sequence of about 4,500 feet of sedimentary
rocks, which range in age from Cambrian to Quaternary. The stratigraphy and
geohydrologic properties of these rocks are summarized in table 1. Some
ground water is produced from the rocks of each geologic age in the sequence.
The rocks in the upper 350 to 400 feet are used extensively as a source of
water and have the greatest potential for future water supply development.
These rocks are principally of Silurian and Quaternary ages and form a single
but complex hydrologic system underlying the county.

Cambrian and Ordovician Systems

Water-bearing characreristics:--The sandstone and related dolomite of
Cambrian and Ordovician ages (table 1) form a deep aquifer that is used ex-
tensively in northeastern Illinois. In northwestern Indiana the estimated
production is less than 40,000 gpd; all of which is pumped by industrial
wells. Walton and Csallany (1962, figs. 14 and 15, p. 21 and 22) have shown
that the specific capacities (definition, p. 33) of wells tapping the aquifer
in Illinois decrease eastward toward Indiana. This evaluation and limited
information available in Indiana indicate that specific capacities of about
1 gpm per foot of drawdown or less can be expected from wells tapping this
source in Lake County.
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Quality of water:--Water from this aquifer in Indiana is of poor chemical
quality for general use. The concentration of dissolved solids ranges from
2,000 to 3,500 ppm (parts per million). The water has a high concentration of
sodium, calcium, chloride, and sulfate, a moderate concentration of magnesium
and bicarbonate, and is very hard. The concentrations of iron, magnesium,
sulfate, chloride, fluoride, and dissolved solids generally greatly exceed the
recommended drinking-water standards of the U. S. Public Health Service (1962>

Development and potential:--The rocks of Cambrian and Ordovician ages will
p wbably never become a significant source of water in the county. Well yield
are small and construction and pumping costs are high ccmpared with those of
wells tapping the available shallower and more productive aquifers.

Water temperature is higher and mineral content much greater than that in

the shallower sources. Water quality poses ecomomic problems with respect to

treatment and effect upon equipment. Safeguards, such as special well comstru.
tion and proper treatment or disposal of waste water, are needed to prevent
contamination of less mineralized water in the shallower aquifers. These
limitations show that extensive use of water from this aquifer is generally no
economically feasible.

Silurian System

The rocks of Silurian age consist chiefly of dolomite. This dolomite form:
the principal bedrock aquifer and the basal member of the complex hydrologic
system underlying the county. It is not exposed at the surface in Lake Count—
Its lithology, dlstrlbutlon and general stratigraphic relations are summarize:
in table 1. ' '

Water-Bearing Characteristics

The porosity (deflnltlon, p. 33) of the dolomite, as estimated from well
cuttings, is about 5 to 10 percent. This porosity indicates that the rock has
a moderate capacity to store fluid. The pores are generally small, many being
pinpoint size or smaller, and apparently are not greatly inter- connected. The:
properties indicate that the natural permeability (definition, p. =33) of the
rock is relatively small. This permeability has been increased by exposure of
the upper part to chemical and physical weathering during pre-Pleistocene time

The permeability of the dolomite decreases significantly with depth and
only the upper 100 feet of rock is sufficiently permeable to be considered par
of the aquifer. Coefficients of tramnsmissibility (definition, p. 33) of this
upper part range from about 100 to about 50,000 gpd per foot, and the regional
value of transmissibility is estimated to be 5,500 gpd per foot. This regiona
value is somewhat similar to that obtained by Watkins and Rosenshein (1963) fo
the Silurian in north-central Indiana.

The areas of high transmissibility in the rock occur generally on the up-
lands and upper part of the valley walls of the preglacial bedrock surface.
The areas of low transmissibility coincide with deeper parts of the bedrock
valleys. The control of water-bearing characteristics of the Silurian by

]
b
«©

]



preglacial weathering and erosion is also reported -by Watkins and Rosenshein
{1963) and Watkins and Ward (1962) in other parts of Indiana. This relation-
ship was used in part to delineate the areas of transmissibility shcwn on
plate 1.

The coefficient of storage (definition, p. 33) for the Silurian aquifer
is estimated to average 0.0008. This estimate should be sufficiently accurate
for evaluating regional characteristics of the dolomite in the county.

Recharge and Discharge

Fluctuations of the water level in the aquifer owing to seasonal varia-
tions in recharge and discharge are shown on figure 4. Recharge to the Silurian
aquifer is derived from precipitation. The configuration of the piezometric
surface (fig. 5) shows that this recharge occurs locally within the county.
Ground water flows north and south from the aquifer's principal divide to
points of discharge within the county and locally west and east to points of
discharge outside the county. Down gradient from this divide recharge is
added, chiefly by percolation through the overlying clayey till (unit &,

p. 21). Rosenshein (1963) has estimaced that under present hydrologic con->%i
ditions this recharge averages about 20,000 gpd per square mile.

Natural discharge takes place by upward movement of wate; from the Silurian
where its head exceeds the head in the overlying rocks and by downward move-
ment into the older rocks. Direct discharge by evapotranspiration can occur
only in the extreme southwestern part of the county.

The estimated discharge of wells tapping the aquifer is 1.4 mgd or about
18 percent of the ground water pumped in the county. Of this amount 0.7 mgd
is pumped for domestic and farm use, 0.6 mgd for municipal use, and 0.1 mgd
for industrial and commercial use. Of the amocunt pumped by communities for
municipal use, Dyer pumps 0.16 mgd, Lowell 0.21 mgd, St. John 0.02 mgd,
Schererville 0.17 mgd, and Schneider 0.02 mgd.

Quality of Water

Water in the Silurian aquifer is generally hard although not as hard as that
in the overlying drift. The dissolved ions consist chiefly of sodium, calcium,
magnesium, and bicarbonate. Concentrations of the dissolved constituents and
their significance are summarized in tables 2 and 3.

Geohydrologic control:--Recharge to the aquifer percolates through as much
as 250 feet of unconsolidated rock. The water has lost much of its ability to
dissolve dolomite by the time it reaches the Silurian. As a result, the pro-
perties of the water in the Silurian are not greatly influenced by the chemical
composition of the rock composing the aquifer, Therefore, the water's chemical
characteristics are determined to a large extent by the chemical characteristics
of recharge derived from unit 4. As shown by table 2 all of the determined
constituents except sodium and a small amcunt of chloride, are present in equal
or greater amount in the water of the cverlying principal Pleistocene aquifer,
unit 3. Slightly higher concentration of chloride in water from the Silurian
has no apparent significance.




"PUL "BUIINM 10 u0§i041d D3d Ajuluow PuD 49)|nbo UDIINIIS VI (IBGZME/HE) L 940 112M UO14DAIISAO UI |8AS] 12U JO UOLIOMIONII-— b IJuNOI4

1961 0961 6G61 856 | LG6!
06 'Op ~jonuuy 26 ‘62 ~|onuuy 5¢n;~c:cc< - §£§7ge-{pnvuy €6 "Lg -jonuvy

'NOILYLId1D38d

S3HON! NI

“EAT W3ALvM

{18G2-M6/b5) L v

30v4uNns

ONVI MOT38 1334 NI




: ng}\?

EXPLLANATION
TN 68 O

Piezomatric Contour

HA i GaRY . NN S N

1

r .

'

' ) i . i - Shows approximote oititude of piszomelric
,.‘ H H -

4 - H

H

i

[}

surfece, Queried were doto isss oCcurate

A Lz d }
i g ror L Wl ew 4 .
'y L ~3 z "",. had = ¥ % Contour interval 20 teet.  Datum is
H 390 . [t CH ) : mean seq jevel,
MUNSTER| | |MIGHLAND //f | nosay | i
s —— [ Yo 3 - .
/ \\ GQD ; /, ' > __} i Principol  ground ~water -divide
e GRIFFITH _ L~ &Aﬁ \‘-4 ‘ L} li
g 630 L & . 3
oveR 71 SCHERERVILLE R A ) : !
= = iy RN
L —— ™ 7 MERRL LYILE, e L
? // \. 540 : gsﬁ .
i .
—] 1 Feo — L
N~ e
ST JGHN -1 : ! H
o . H i 1€
IR LA A s o Y S I R
> Y : ©w
- AP \...*“"F M : =
d ;__,/r: N i l i §
A -4 L] H -
\ / ‘5? ; Lmegm..<. — b L

har gl

X
- g 4

|
{
I
. :
|
s{
i ¥ LI
x L. - 15 d
A /
-

x¥ E
r e g v g e

»
3
*

FIGURE 3-- Mop snhowing configuration of the gwezometric surtace of 1he Silurion squifser, Loke Coualy, January 1960, Moditied from Rosenshein (1963},

i3




(¥) wnt

0ee 192 | 6¢° L1°1}) 28°2 L 194 90 6E'Y| € | ‘Say 0 sata03vioqe] »cmvﬁoamvam
-~ ——— wwom ] wmm | mm—- - mrmw ] weeel -w | 2pOR € iY3ITe9H JO pawod 23w BUPIPUL
891 01z | 11° 98" o7'U |y | A" | 9€°€|i0° | UK : 1 Aaaxng Teoy807099 g 'n
g8z¢ 8lC | €EL7O] LE' T ¥8°CE | 6 ¢7°0 | 96°9) 8°0f "Xel|T ITUR| Aaeuxajend |z sasdjeue eyiied
+3 2] o | o w O 4 =z
sf | B | ElgE|E) E| £l :
R =2 A ol SR |8 m P &
~ O %S e 4 [ o m ~~ sl
. 0 o (=3 1 P (2] o |
w (8 © [ o~ ] Q
“ ' w o ~ - Hh
1] o L ~ N W. & (9]
@ el 3| 8l8E & Y| &l % 8
© < ot 3 =] m + .m .m
» o S St Nt oty +
vl 0. (53 . rd ey ot
n < 0 m [0d
P w r~ ~ ~ ot 1]
§ S 3| &) s|%| E| g
e S on o umhwwﬂﬂ
(9] 0. St ~’ td e 0
B ® B + m B
: | 3 elel B| 2
ad ~ 8 {0 .m 1
o n n S
~~ Mv» ~~
Mw . o
g g
w .
o

*uoITITW Iad s3aed ‘wdd fuoryipm ied sjuaiearnbas ‘wds :suorlBIAIIQqQY
. (*8261 ‘09z "d ‘suri10d) 15 9°0 + 10

+ Y08 %0 + Y0s + €oou 9/1 - CooH :elmwuioy ay3 £q vaumeaumw sesdfeue Terixed 112 10J SPI]OS POATOSSIP [®I0L

(8261 ‘19T - 097 °d ‘suryo)) !s{eoTpea pyoe oy3 ‘1D wds 4 Hpg wds +

£ooH wde woay 8K + vy wde se ssaupiey Buylovilqns Aq pojewmilse sosd{evue yeriaed [Je J0F unyssejog snid wnipog

*dsaang 1e0Y801099H 'S [l SYI JO IOTFFO PIATF OYJ UF paUTWIolap sosdieus [eIlieq
‘umowyjun pus ‘ ‘o) [edFWwsYD uloqaesqg :897i03Rloge] juaspuadapuy

vusIpul ‘4Ajunoy oxe ur A3pienb 19jem jo Lxewmmg -- *Z 919wy

-14-



L92 ¥9S |80°T | HL° | 8L°L | ¥h|LSy |%e's |9° |- Say € saTiojeioqe] Juspusdapul
0L1 0LS |%€"" [ we° | 259 | selgs e |1v°'¢g |Z2° |°poK %# VYIR9H Jo pieog 93jelg vuefpul
6T %9Z |90° 60° | 88°¢ | ST|1L” 65" |1 | uiR uetaniis| 9 Lanang 1eoa1807099 ‘s 'n
oYL o%L°1|s8°92| LL°9]| 8801 | s6|zz 1z | 18°%1|0°S | “xem %8 sasd{eue Teflxed
9Z¢ LYYy ¢ | €S | s8°L |9z o1 | 2s'9| L 1 | SBay 0 s3afiojeioqe] juspuadopul
- - - - ——— ~- - ] ——— 9POH 0 YiiesH Jo pieoqg 93els evuelpuj
el $0¢ IT° | o1 |9L°¢ | T 96" %9°Zl1° | "uIH 1 Loaang Ted1801099 S Q1
88Y 7479 e | TL°T1 96701 0S| ¥E€'% | 9L.°6/0°¢ | ‘xew| vaTupn 9 sasdATeue [eriied
sy 84s O%" | L1T°C| 08°L] 8T} 69°T1 |%0°6 {1°C | Bay 1 saT103eI0qR] 3Judpuadepur
Y6€ 09$ 62" | 69°T}95°8 | L1} 09°1|68°L |€ 1 |2POR € UY3iTesH jo pieog 91e3§ BURIpPU]
rA% 1 £9¢ 90" | OT" [ 89°¢ | % | L&" |%0°€ | 1°> | urH| g3tun|Lieuzajend| 4 Laaang 1ed18071099 *s '
0002 000°2<[29°%| 66°6 | 08°Z1| 6S| 68°9 | 80 04| ¢*1<| *xeR rAAl sasdTeue [e}3Iied
86% g9 I6" | R9°2 | 8¢°8 | ST} 09°'T|L6°6 |6°1 | 8ay 0 sallojelioqe] juspuadapul
6% GLS €' | 62°110S°8 | 2T} OL'T1|68°6 |81 |2POK . 0 Y3aiesH jJo paeog a3elg euefpul
912 0€eE €0° | Le” | T6°E | S [8S”° ey | 1°> | 'ut| zarun 1 £aaang 1ed1801099 °S 'f1
888 001°T |€8°€| ¥8°L| 0z 11| 8z|%z ¢ |9L-L1|s L | xem 81 sesdleue [e1lieqd

-15-




Table 3.--Significance of selected dissolved mln?ral constituents
and properties of ground water Z

Constituent or property

Significance

Iron (Fe)------=-==e--m=o-occmooeom-

Oxidizes to reddish-brown sediment upon

exposure to air. More than about 0.3
ppm stains laundry and utensils reddish-
brown. More than 0.5 to 1.0 ppm imparts
objectionable taste to water. Larger
quantities favor growth of iron bacteria.
Objectionable for food processing, tex-
tile processing, beverages, ice manu-
facturing, brewing, and other purposes.

Calcium (Ca) and Magnesium (Mg)-----

Cause most of the hardness and scale-

forming properties of water; soap
consuming. See hardness. Waters
low in calcium and magnesium desired
in electroplating, tanning, dyeing,
and in textile manufacturing.

Sodium (Na) and Potassium (K)-------

Large amounts, in combination with chlo-

ride, give a salty taste. Moderate
quantities have little effect on the
usefulness of water for most purposes.
Sodium salts may cause foaming in
steam boilers and a high sodium ratio
may limit the use of water for irriga-
tion.

Bicarbonate (HC03> ------------------

Bicarbonate in conjunction with carbon-

ate (CO,) produces alkalinity. Bicar-
bonate 8f calcium and magnesium de-
composes in steam boilers and hot water
facilities to form scale and release
corrosive carbon-dioxide gas.

Sulfate (S0,)==--==-===n=n=nmsmnnmn-

Sulfate in water containing calcium.

forms hard scale in steam boilers.

In large amounts sulfate in combina-
tion with other ions gives bitter

taste to water. Some calcium sul-

fate is considered beneficial in the
brewing process. Public Health Service
drinking-water standards recommend that
the sulfate content should not exceed
250 ppm. b/

3/ Adapted in part from Palmquist and Hall (1961), p. 3436

-©/ U. S. Public Health Service (1962)
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Table 3.--Significance of selected dissolved,mineral constituents
and properties of ground water-' --Cont.

Constituent or property

Significance

Chloride (Cl)-=-=-c-mccccccccaaaa-

Gives salty taste to drinking water

when present in large amounts in
combination with sodium. Increases
the corrosiveness of water when
present in large amounts. Public
Health Service drinking-water stand-
ards recommend that the chloride b/
content should not exceed 250 ppm.

Dissolved solidgs---~cocecccaccunaa

Public Health Service drinking-water b/

standards recommend that the dissolved
solids should not exceed 500 ppm.
Waters containing more than 1,000 ppm

of dissolved solids are unsuitable for
many purposes. -

Hardness as CaCO3 (Calcium and mag-
nesium) ~=---cccccmccacanacaaaaa- Hard water increases amount of soap to
make lather. Forms scale in boilers
water heaters, and pipes. Leaves
curdy film on bathtubs and other
fixtures and on materials washed in

the water,

b/ U. S. Public Health Service (1962)

The higher concentrations of sodium plus potassium and the lower concen-
trations of calcium plus magnesium are caused by natural softening, occuring
principally in the confining layer, unit 4, overlying the aquifer (table 2).
Iron is removed from solution by the same process. In general, the percent
sodium plus potassium is higher and iron concentration lower in areas where
the hydraulic head in the Silurian is lower than the head in the principal
Pleistocene aquifer. The areal distribution of percent sodium plus potassium
is shown in figure 6.

Sulfate and bicarbonate concentrations are generally high in the Silurian
aquifer wherever they are relatively high in the overlying drift. Some sul-
fate is removed from the water, possibly before it enters the Silurian.

No relationship is apparent between its concentration and head difference.

Development and Potential

Plate 1 shows estimated transmissibilities and relates these transmissi-
bilities to specific capacities and possible yields that can reasonably be
expected from properly constructed wells penetrating the full thickness of
the aquifer. The specific capacities are those to be expected for a 12-inch
well at the end of one day's pumping. The possible yields of wells are esti-
mated from the specific capacities, using a drawdown limited to 80 feet in

-17-
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the area approximately to the north and 50 feet in the area approximately to

the south of the aquifer's principal divide (fig. 5). The yield for a specified
drawdown will be greater for a larger diameter well than for a smaller diameter
well, This relation also applies to longer or shorter pumping times. Because
of these and other limitations, such as well efficiency, the map gives only an
approximation of the capability of the aquifer as a source of water.

The Silurian aquifer will generally yield less than 200 gpm to properly
constructed wells. Yields can possibly be increased by acidizing. Because
the dolomite is argillaceous, some mud results from drilling. This mud should
be removed to obtain the maximum yield. Removal may be aided by the use of
polyphosphates.

The pumping level in a well should not be lowered below the top of the
aquifer where the more permeable zones occur. Intermittent or continuous
lowering of the water level below these zones can result in excessive precipi-
tation of the dissolved solids from the water. The precipitation in the imme-
diate vicinity of the well can cause a large decrease in well yield.

The depth to the top of the aquifer can be estimated from plate 2 for the
western, northeastern, and southeastern parts of the county, where the Silurian
forms the bedrock surface. This depth can be used in conjunction with plate 1
to estimate the depth to which a well must be drilled in order to develop a
water supply. The thickness of the aquifer to be penetrated depends on the
desired yield. The full thickness should be penetrated in areas of low trans-
missibility to obtain the largest yield. 1In areas of high transmissibility
only the upper 25 feet or less need be penetrated for a domestic or farm

supply.

The quantity of water potentially available for development from the
Silurian is dependent upon its rate of recharge. This rate is controlled to
a large extent by the geohydrologic properties of its confining layer. Re-
charge to the aquifer is currently estimated to be about 6 mgd. Rosenshein
(1963) has shown that the rate of recharge will increase as the aquifer is
extensively developed and estimates that its potential yield is about 24 mgd.
The present pumpage is about 5 percent of this potential yield.

Devonian System

Middle Devonian Series

The dolomitic limestone and dolomite of Middle Devonian is not used exten-
sively as a source of water. The estimated pumpage from this rock is about
10,000 gpd. Detailed information is lacking about its physical properties and
its water-bearing characceristics. However, the information in the table below
indicates that the limestone and dolomite is a potential source of only small
quantities of water. :



Estimated coefficient Thickness of Estimated coefficient
Well of transmissibi}ity aquifer pen- of permeability (gpd
(gpd per foot) etrated (ft.) per square foot)
34/8W-7L3 ’ 1,400 : 12 120
13A1 200 62 3
34/9W-24H2 2,100 1 190

Upper Devonian Series

The shale of Late Devonian age is used locally as a source of water for
domestic and farm supplies. Pumpage from this rock is estimated to be about
30,000 gpd. The information listed in the table below shows that the shale is a
possible source for supplies requiring less than 25 gpm. Specific capacities of
about 1 gpm per foot of drawdown can generally be expected from wells tapping
this rock. ‘

Estimated coefficient Thickness of Estimated coefficient
W of transmissibility aquifer pen- of permeability (gpd
ell
(gpd per foot) etrated (ft.) per square foot)

33/8w-4Ll 5,200 62 80
33/9W-12B2 1,700 20 90
12G6 2,600 11 240
34/8W-6Q1 830 14 60
7K1 4,000 23 : 170
20M5 7,100 18 390
29D2 4,700 15 310
35/8W-32Q2 1,600 14 110
36/9W-14A1 600 4 150

Quaternary System

The bedrock is overlain by unconsolidated rocks of Quaternary age which
locally are more than 250 feet thick (pl. 2). These rocks were deposited
chiefly as a result of glaciation during Pleistocene time. Their geology is
described to some extent by Blatchley (1897), Leverett and Taylor (1915),
and cthers. A more comprehensive description of the surficial expressions
and the subsurface geology of the rocks is given in a thesis titled, "Geo-
logy of the Unconsolidated Deposits of Lake County, Indiana", by R. J. Vig
(1962), University of North Dakota. Rosenshein (1962) subdivided the rocks
into the four lithologic units used in this report. All of the units are
exposed at the surface and their areal extent and geologic character are
shown on plate 3. Their stratigraphy and geohydrologic characteristics are
sutmarized in table 1. These rocks in conjuncticn with the Silurian aquifer
form a single but complex hydrologic system. The Quaternary units are dis-
cussed in ascending order on the following pages.
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Unit &

Water-bearing characteristics:--Unit 4 consists mainly of clay till that
forms the principal confining layer overlying the dolomite of Silurian age.
Recharge to the underlying rock occurs by downward movement of water through
the till. The quantity of water passing through the unit depends in part on
its vertical permeability. This permeability is estimated to average 0.003
gpd per square foot (Rosenshein, 1963).

The storage capacity is dependent upon porosity. The original porosity
of the clay may have been as much as 50 to 60 percent. This porosity has been
reduced by compaction since deposition and may now be 30 to 40 percent. Based
on this porosity the unit may have as much as 6 million acre-feet of water in
storage.

Development and potential:--The permeability of the clay is small, and it
does not yield water readily to wells. Production from the unit is limited to
discontinuous zones of intertill sand and gravel. These zones are used locally
for domestic and farm supplies. Pumpage from the sand and gravel is estimated
to be 100,000 gpd.

The basal part of the unit contains a relatively thin sand and gravel zone
that fills the deeper parts of several preglacial valleys (fig. 7). The basal
sand and gravel is gemerally less than 15 feet thick. It is a potential source
of water for small supplies and has not been tapped to date.

Unit 3

Water-bearing characteristics

Unit 3 consists chiefly of sand (table 1) and forms the principal Pleis-
tocene aquifer in the county. The aquifer is composed of an artesian and a
water-table part. 1Its permeability ranges from less than 200 to more than
1,000 gpd per square foot and is estimated to average 600 gpd per square
foot. The transmissibility ranges from less than 10,000 to more than 50,000
gpd per foot. The regional value is estimated to be 24,000 gpd per foot
for the artesian part and 15,000 gpd per foot for the water-table part.

The coefficient of storage for the artesian part is estimated to average
0.003. In the socuthern part of the county, where the unit is water table,
the coefficient of storage is estimated to average 0.12. These estimates
should be sufficiently accurate to evaluate regional characteristics of the
aquifer.

Recharge and discharge

Fluctuations of the water level in the aquifer owing to seasonal varia-
tions of recharge and discharge are shown on figure 8. Recharge to the unit
is derived from local precipitation as shown by the configuration of the
aquifer's piezometric surface (fig. 9).

- 2L -
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Recharge to the artesian part takes place by slow percolaticn through the
aq:1fer's confining layer, the overlying clay till ‘unit 2, p. 28). Rosenshein
{1963 has estimated that, under present hydrologic conditions, this recharge
averagaes 100,000 gpd per square mile.

Recharge to the water-table parct occurs chiefly by direct percolation of
przcipitacion through the upper part of the unit which crops out in the southern
part of the county (plate 3). This recharge is estimated to average 1.2 mgd per
square mile.

Mach natural discharge from the artesian part occurs along the unit's
northern edge as leakage upward through the confining layer. This discharge
contributes to conditions causing marshes. Some natural discharge takes place
by evapotranspiration. The quantity discharge directly by this process is
relatively small and occurs mostly where the confining layer is less than 20
feet thick. Discharge to many of the streams can take place only by upward
movement of water from the artesian part where its hydraulic head exceeds the
hydraulic head in unit 2. Discharge from both the artesian and water-table
parts also occurs by downward movement through unit 4 to the Silurian aquifer.

Natural discharge from the water-table part occurs chiefly as effluent
seepage {definition, p. 33) to the ditches and streams that penetrate the unit
and as direct evapotranspiration. Effluent seepage constitutes most of the
discharge from the water-table part in the non-growing seascn and only a small
part in the growing season. However, this discharge makes up much of the flow
of the streams and ditches in the low flow period from July through September.

An estimated 9,250 million gallons was discharged by direct evapotranspira-
ticn from the water-table part during May through September, 1960. Estimates
of the average daily and monthly discharge by evapotranspiration are listed in
the table below.

Estimated average daily Estimated monthly dis-

s discharge by evapotran- charge by evapotrans-
Month . ; . g A s Sq1s

spiration (in million piration (in million

2+ gallons) gallons)

May: - 38 1,178
June 38 1,140
July 38 1,178
August 82 2,542
September 107 | 3,210

These estimates were obtained by evaluating the aquifer's contribution to the
base flow of Singleton Ditch ar Schneider, and by obrtaining the average differ-
ences bectween the contribution during the non-growing season and the contribu-
tion for each month of the growing season.

Wells tapping the unit discharge an estimated 4mgd. This discharge accounts
fcr 53 percent of the ground water used in the county and is pumped mostly from
tke artesian part of the aquifer. Of this amount 2.6 mgd is pumped for domestic
and farm use, 0.7 mgd for municipal use by Crown Point, and 0.7 mgd for industrial
and commercial use,
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Quality of water

The artesian part of unit 3 and its confining layer, unit 2, contain the
most highly-mineralized water of all the Pleistocene deposits underlying the
councy (cable 2). The ions in solution are principally bicarbonate, calcium,
and magnesium.  Locally sulfate is a major constituent. Concentrations of the
dissolved conscituents and their significance are summarized in tables 2 and 3.

Geohydrologic control:--Recharge to the artesian part of the aquifer must
percolacte chrough unic 2, a clay till which contains finely-divided calcareous
particles. The particles expose a relatively large surface area per unit
volume of material to react with the water. As a resulc, water from unic 3
contains high concentrations of bicarbonate, calcium, and magnesium derived
from unit 2. Distribution of bicarbonates in the artesian part of the aquifer
may be caused by differences from place to place in the amount of calcareous
macerial in the overlying till. Percolating ground water has slowly dissolved
this material since deposition of the till, and the amount of calcareous material
dissolved depends on the amount of water that has passed through the till.
Wherever much of the calcareous material in the till has been dissolved in the
past, the concentration of bicarbonate in the water presently in the under-
lying aquifer should be relatively low. The factors controlling the amount
of water passing through the till in a given amount of time are the thickness
and permeability of the till and the difference in hydraulic head between the
till and the underlying aquifer.

Bicarbonate concentration (pl. 4) is generally highest in the aquifer
where the till is thickest. The calcium and magnesium avre associated with
bicarbonate and sulfate. Thickness of till apparently is not related to the
concentration of sulfate (fig. 10), which may be derived from several sources.
As a result the calcium and magnesium concentrations are not as directly re=-
lated to thickness of till as is the concentration of bicarbonate. Sulfate,
iron, and chloride concentrations are often relatively high in poorly drained
areas where organic decay takes place.

Development and potential

Plate 3 shows estimated transmissibilities and relates these to specific
capacities and possible yields obtainable from properly constructed wells
that are screened the full thickness of the aquifer. The specific capacities
are those to be expected for a 1l2-inch well, at the end of one day's pumping.
The possible yields of wells tapping the artesian part are estimated from the
specific capacities using a drawdown limited to 20 feet. This map is subject
to limitactions similar to those described on page 19 for the Silurian aquifer.

The artesian part of the unit is a possible source in much of the county
for supplies that require 300 gpm or more. However, without proper construc-
tion actual yields of wells may be considerably less cthan those indicated on
plate 5. Proper construction requires careful choice of well diamecter, screen
diameter and length, and slot size of screen openings. Wells ctapping the unit
require development to remove the clay, silt, and very fine sand from the
immediace vicinity of the screen,

The depth to the artesian part of the aquifer can be estimated from plate 6
which can be used in conjunction with information én place 5 to estimace the
deprh to which a well need be drilled to develop a water supplv. For supplies
requiring maximum possible yield, the full thickness of the aquifer should be
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penetrsted and as much screened as is economically feasible. For domestic or
farm suppiies only the upper 10 to 13 feect need be penecrated and a shorec,
small diamecer screen used.

The quancity of water potentially available for development from the artesian
part depends on its rate of recharge. This rate is controlled cto a large extent by
the geohydrologic properties of its confining layer. Recharge to this part of the
aquifer is currently estimaced to be 30 million gpd. Rosenshein (1963) has shown
that the rate of recharge will increase as the artesian part is extensively developed
and estimates that its potential yield is 60 mgd. Present pumpage is about 7 percent
of the water potentially available for use.

Development of water supplies within the water-table part is complicaced by
many factors. The sacurated thickness of the unit 1is relatively thin and varies
seasonally by about five feet (fig. 8). Because pumping from the water-table part
resulrs in an actual dewatering of the unic, the transmissibility decreases as
water is wichdrawn. Estimates of the specific capacities and possible yields
(pl. 5) of this part of the aquifer have been adjusted for the above factors.

The potential yield of the water-table parc is estimated to be 100 million
gpd. The small-diameter tubular wells currently used in the area are capable
of tapping only a very small part of this potential. However, where economically
feasible, exceptionally large-diameter vertical wells and horizontal infiltration
galleries and collectors could utilize a much larger part of this yield, particularly
where the cransmissibilities exceed 10,000 gpd per foot.

The use of land and the susceptibility to contamination' are factors that
also complicate possible development. The land in the southern portion of
the county is used chiefly for farming. As a result, it is continually being
ditched-- a practice that decreases the average saturated thickness, thereby
permanently dewatering a part of the aquifer and decreasing its potential for
development. Because the aquifer is readily susceptible to contamination,
the user should guard against downward leakage of undesirable waste products
that could deteriorate the quality of water and thereby impede the use and
development of the aquifer.

Unit 2

Water-bearing characteristics

Unit 2 consists chiefly of clay till (table 1) which forms the confining
layer for che artesian part of unit 3., The amount of recharge to che under-
lving aquifer depends in part on unit 2°s vertical permeabilicy. This perme-
abilicy is estimared to average 0.007 gpd per square foot (Rosenshein, 1963).

The porosity of the unit may be about 40 percent. Under existing conditions
the saturaced thickness is estimated to average 38 feet. Based on these esti-
mates the unit may bave as much as 3 million acre-feet of water in storage.
However, because of its small permeabilicy diracc production from the unic is
limiced co relatively thin, discontinuous. intertill sand and gravel zomnes.

The pumpage from these zones for domestic and farm supplies is estimaced to
be 100,000 gpd.



Hydrology with respect to water resources

Unit 2 is the most extensive geologic unit exposed at the surface. The
flow of many streams and ditches is determined to a large extent by the ground-
water discharge and run-off characteristics of this unit. During the nongrow-
ing season it may contribute as much as 80 to 90 percent of the base flow of
streams such as West Creek (fig. 1). This contribution decreases sharply
during the growing season and may amount to less than 20 percent owing to
evapotranspiration,

Ground-water discharge from the unit to streams and ditches was estimated
to average 400,000 gpd per square mile or about 0.6 cubic feet per second per
square mile in the nongrowing season of the 1960 water year. Based on this
estimate the unit currently discharges about 110 mgd to the streams draining
the county in the nongrowing season.

An estimated 7,400 million gallons was discharged by direct evapotrans-
piration from the unit in May through September, 1960. Estimates of the
average daily and monthly discharge by evapotranspiration are listed in the
table below.

Estimated average daily Estimated monthly discharge
discharge by evapotrans- by evapotramspiration (in
Month . , A I Y
: piration (in million million gallons)
gallons)

May 20 600
June 20 600
July 60 1,900
August 70 2,200
September 70 2,100

The hydrology of unit 2 has been appreciably altered within the last 60
years., Prior to the 1900's large sections of the county, underlain by unit 2,
were imperfectly drained, and many parts of the unit were nearly or completely
saturated during much of the year. Since the 1900's agricultural development
and the increase in the rural nonfarm population has caused extensive ditch-
ing of the unit. Drainage of its upper part has resulted in a probable aver-
age dewatering of 5 to 7 feet. An improved drainage system has also resulted
in a more rapid runoff. These effects will be intemsified with continued
growth of the county's rural nonfarm population.

Unit 1

Water-bearing characteristics

Unit 1 comsists chiefly ¢f sand (table 1) whose transmissibility ranges
from less than 5,000 to abcutr 30,000 gpd per foot. The permeabilicy ranges
from about 60 to about 1,000 gpd per square footr and averages about 450 gpd
per square foot. Based on the average permeability and average saturated
thickness of the unit, the regional value of transmissibility is about 15,000
gpd per foot.

[3)
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The cozfficient of storage of the unit is estimated to be 0.12. This esti-
mate should be sufficiently accurate for evaluating regional characteristics of
the aquifer,

Recharge and discharge

Recharge to the unit is derived from local precipitation and may originally
have been equivalent tc that estimated for the water-table part of unit 3. How-
ever, the hydrology has been markedly altered since the 1890's by extensive ditch-
ing of a large part of the area underlain by the unit, owing to industrial and
urban development. The ditching straightened and deepened channels and increased
their gradients. WNew drainages were established, and locally the flow of streams
was reversed. As a result ground-water gradients to streams were increased, the
upper part of the unit was dewatered, and many marshy areas were drained. Re-
charge has also been decreased somewhat by storm sewers, pavements, and buildings
in heavily populated areas. Therefore, the potential rate of recharge to the
© unit may have been decreased by more than 50 percent, and is probably less than
600,000 gpd per square mile.

The principal ground-water divide (fig. 11) for the unit coincides with the
areas cverlain by sand dunes and beach ridges (pl 3). Ground water moves down-
gradienc from this divide to points of discharge chiefly wichin the county.
Under natural conditions prior to the 1890's, the piezometric surface in much
of the aquifer sloped gently toward Lake Michigan. This gentle slope was de-
pressed somewhat where channels of shallow meandering streams penetrated the
unit. A relatively small part of the flow of the aquifer was discharged into
the streams. Part of the flow passed under the streams to be discharged along
the northern edge of the unit in the vicinity of Lake Michigan by evapotrans-
piration cr as effluent seepage to the lake. Under present conditions a much
larger part of this flow is now discharged directly to the streams draining
the area.

Direct evapotranspiration constitutes a major part of the discharge from
the unit during spring and summer. Although the quantity of water discharged
by this process has not been estimated, it must be considerably greater than
the discharge from the unit to streams, ditches, and to Lake Michigan.

The estimated discharge of wells tapping the unit is 1.9 mgd. This with-
drawal accounts for about 25 percent of the ground water pumped in the county.
Of this amount 0.2 mgd is pumped for domestic use, 1.0 mgd for municipal use,
and 0.7 mgd for industrial and commercial use. Of the amount pumped for munici-
pal use, East Gary pumps about 0.6 mgd and New Chicago about 0.4 mgd.

Development and potential

Figure 12 shows the saturated thickness and possible yields obtainable
from wells that tap the aquifer. The transmissibility in a specified area
can be estimated by mulciplying the saturated thickness by its average perme-
ability (p. 29)

Development of the unit is complicated by factors similar tc those affect-
ing the water-table part of unit 3 (p. 28). Where the saturated thickness is
less than 20 feet the unit will not be extensively developed except possibly
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for dcmestic use. To develop even a small part of the unit's potential will
require types of wells different from thcse commonly used. Properly constructed
horizontal infiltration galleries and collectors or extremely large-diameter
wells could obtain large quantities of water, particularly in the area adjacent
to Lake Michigan, where the aquifer is relatively thick and infiltration could
be induced from the lake. :

Susceptibility to contamination may impede development. Because of the
slow movement of water through the aquifer areas of concentrated ccntamina-
tion can easily form within it. Contamination in unit 1 has been reported in
the vicinity of Garyton.

A small part of the potencial yield of che aquifer is being utilized.
Under present conditions of recharge, the potential yield may be in excess of
30 to 40 mgd. This potential will decrease scmewhat as industrial and urban
growth continues. However, in spite of the feasibility of using the unit as
a source for moderately large commercial cr industrial supplies, development
will be slow because of the accessibility of Lake Michigan as a source of
water,

SUMMARY

General summary:--The principal sources cof ground water occur within the
upper 350 to 400 feet of rocks. The other rocks are only a minor source.
The upper rocks form a single but complex hydrologic system that consists of
three aquifers and two confining layers. The system's potencial yield is
estimated to be 200 mgd of which about 7.5 mgd or &4 percent is currently being
. withdrawn.

The quantity of ground water that is available for development should be
adequate to satisfy the needs ¢f the couinty for the next few decades. However,
to tap a major part of the pctential yield of the aquifers will require sound
practices of development and responsible management of water resources based
on the available gechydrologic facts.

Geohydrology of rock units:--Sandstone and dolomite of Cambrian and Ordo-
vician ages form a deep aquifer of minor significance in the county from which
about 40,000 gpd {gallons per day) is pumped by industrial wells. Other minor
sources of water are the dolomitic limest-ne, dolomite and shale of Devonian
age., The pumpage from these rocks is about 40,000 gpd. The shale has a
coefficient of transmissibility that ranges from about 600 to 7,000 gpd per
foot, and is a potential source of water for supplies requiring less than 10
gpm {(gallons per minute).

The upper 100 feet of the dolomite of Silurian age forms the lowermost
aquifer, and its coefficient of transmissibility ranges from about 100 to
50,000 gpd per foot, The regional value of coefficient of transmissibility
is estimated to be 5,500 gpd per foot and thar cf the coefficient of storage
about 0.0008, Recharge tc the unit cthrough its principal confining layer is
about 6 mgd under present hydrologic conditions Hewever, the estimated poten-
tial yield is 24 mgd.




The dissolved constituents in the water from the Silurian consist mainly of
bicarbonate, calcium, magnesium, and sodium., Concentraticn of dissolved solids
averages about 560 ppm. The constituents are derived chiefly from thke recharge
percolating through unit 4,

Tnit &, a clay till, is the confining layer overlying the bedrock. 1Its
vertical permeability is estimated to average 0.003 gpd per square fooct. The
unit may have as much as 6 million acre-feet of water in storage. The clay con-
tains some discontinuous zones of intertill sand and gravel from which about
100,000 gpd 1is pumped. Its basal part contains a thin sand and gravel zone

-

tkat 1s not used but is a potential scurce of water for small suppiies,

Tnit 3, a sand, forms the principal Pleistocene aquifer. Its coefficient of
transmissibility ranges from less than 10,000 to more than 50,000 gpd per foot.
The estimated reglonal value of transmissibility for the artesian part is 24,000
gpd per foot and for the water-table part 15,000 gpd per foot. The estimated
regional value of the coefficient of storage for the artesian part is 0.003 and
that for the water-table part 0.12. Recharge to the artesian part is about 30
mgd under present hydrologic conditions. However, the estimated potential yield
is 60 mgd. Direct recharge to the water-table part is about 1.2 mgd per square
mile, and the estimated potential yield is 100 mgd. Development of this potential
will require types of wells different from those commonly used in the area.

The principal dissolved constituents in the water from Unit 3 are calcium,
magnesium, and bicarbonate., The concentration of dissolved solids averages about
550 ppm. The constituents in the artesian part are derived mostly from the re-
charge percolating through unit 2 and their concentratioms in the aquifer are
controlled to a large extent by the thickness of the confining layer,

Unit 2, a clay till, is the confining layer for the principal Pleistocene
aquifer., 1Its vertical permeability is estimated to average 0.007 gpd per square
foot. The unit may have as much as 3 million acre-feet of water in storage.
Production from the unit is limited to intertill sand and gravel zones and is
estimated to be 100,000 gpd. It is the most extensive unit exposed at the sur-
face, and its hydrology 1is significant to both the ground- and surface-water
resources of the county. This hydrology has been altered since the 1900's as
a result of agricultural development and increase in rural nonfarm population.
Tnder present hydrologic conditions the ground-water discharge from the unit to
streams and ditches is about 110 mgd during the nongrowing season.

Tnit 1, a sand, is chiefly a water-table aquifer. Its coefficient of
transmissibiiity ranges from less than 5,000 to about 30,000 gpd per foot.
The estimated regional value of transmissibility is 15,000 gpd per foot and
that of the coefficient of storage 0.12. The hydrology of the unit has been
markedly altered by industrial and urban development. Under present hydrologic
conditions recharge is probably less than 600,000 gpd per square mile and the
potential yield about 30 to 40 mgd. Development of this potential will require
types of well different from those commonly used {n the area and may be impeded
by the unit's susceptibility to contamination by industrial and septic wastes.

- 34 -



GLOSSARY

Hydraulic Coefficients (After Ferris and Others, 1962)

Permeability.--Measure of a material's capacity to transmit water; ex-
pressed as rate of flow of water in gallons per day through a cross-sectional
area of 1 square foot under hydraulic gradient of 1 foot per foot at prevailing
temperature,

Storage.--Volume of water released from or taken into storage per unit sur-
face area of the aquifer per unit change in the component of head normal to that
surface,

Transmissibility.--Rate of flow of water, at the prevailing water temperature,
in gallons per day, through a vertical strip of the aquifer 1 foot wide extend-
ing the full saturated height of the aquifer under a hydraulic gradient of 1 foot

per foot.

Miscellaneous Terms

Effluent seepage.--Discharge of ground water to surface bodies of water.

Equivalent per million (epm).--Weight concentration of ion divided by
combining weight .of that ion. (Hem, p. 32).

Porosity.--Volume of pore space expressed as a percentage of the total
volume of the rock.

Specific capacity.--Yield of well in gallons per minute per foot of
drawdown.
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